A way of action of the fenitrothion microcapsule as a residual spray formulation against cockroaches was studied. The microcapsule was prepared using polyurethane as a wall material (mass median diameter: 50 /em, wall thickness: 0.14 am). The microcapsule was applied on a petri dish and the amount of fenitrothion outside the microcapsule was determined before and after cockroaches contacted with it. The results indicate that the spontaneous release of fenitrothion by diffusion through the capsule wall is not a main way of action, and that the microcapsule does not act as a stomach poison but as a contact poison. A main way of action of the microcapsule is trampling by cockroaches, which releases enough fenitrothion to kill tramplers.
INTRODUCTION
Many researches have been done on the microencapsulated pesticides.'-4' The main way of action of the microcapsule is generally considered to be the release of core materials by diffusion through the capsule wall. s-7> This report discusses a way of action of the fenitrothion microcapsule as a residual spray formulation against cockroaches and a novel mechanism is proposed.
Two hypotheses, trampling and eating, were examined in addition to diffusion (Fig. 1 ).
For designing a pesticide formulation, understanding of its way of action becomes very important. When properly designed based on the understanding of its action mechanism, the formulation can operate most efficiently against the target. In case of a microcapsule formulation, its wall material, wall thickness and particle size become very important factors influencing its physical, chemical and biological
properties.
Taken these factors into consideration, authors studied a mechanism by which fenitrothion microcapsules act against cockroaches. Efforts were made to elucidate a way of action of the fenitrothion microcapsule and to pioneer a new concept. Details on the relationships between the factors and the efficacy against cockroaches will be discussed in our next report (Part 2).
MATERIALS AND METHODS 1. Microencapsulation Procedure
The microcapsule used in this study was prepared by the interfacial polymerization method.8' The wall material was polyurethane, the core material fenitrothion (Sumithion®, Sumitomo Chemical Co., Ltd.), 20% in the final microcapsule slurry, the mass median diameter 50 am and the calculated wall thickness 0.14 im.
Extraction Conditions for Analysis of the
Release Rate Fenitrothion concentrate in the microcapsule *Studies on the Fenitrothion Microcapsule (Part 1).
was adjusted to 5 % by diluting with water and the dilution was applied uniformly onto the bottoms of petri dishes (8 cm i.d.) at a rate of 1 ml per dish. The treated dishes were dried at ambient temperature (ca. 20C) and the amount of fenitrothion outside the microcapsule was determined using several kinds of n-paraffin as extraction solvents. Figure 2 shows a method by which the amount of fenitrothion outside the microcapsule was analyzed. The total amount of fenitrothion on the dish was also analyzed by extracting with acetone. For the reference, 5 % acetone solution of fenitrothion was applied to another petri dish in the same manner to make non-encapsulated fenitrothion-treated dishes, which were to be used to determine the recovery of non-encapsulated fenitrothion. All the samples were analyzed using a gas chromatograph equipped with a flame ionization detector under the following conditions; glass column : 1.1 m, 3 mm i. d. packed with 3 % XE-60 on Chromosorb W (AW, DMCS) 60-80 mesh; carrier gas : nitrogen at approximately 60 ml/min; injection temperature: 230C; column temperature : 180°C. The extraction solvents were n-octane, n-decane, n-dodecane, n-tetradecane (all reagent grade) and Neochiozol®. Neochiozol is a kind of deodorized kerosene manufactured by Chuoo Kasei Co., Ltd., Japan, which is mainly composed of n-dodecane to n-tetradecane.
Release Rates
Petri dishes were treated with the microcapsule in the same manner as described above and stored in a dark place at 20C and 40C for a prescribed period. The amount of fenitrothion outside the microcapsule was analyzed by the same method as above. The total amount of fenitrothion on the dish was also analyzed.
Effect o f Trampling
Ten German cockroaches (Blattella germanica) were allowed to contact with the microcapsule-treated petri dish for 2 hr and the amount of fenitrothion outside the microcapsule was determined before and after the contact by the same method as described above. The total amount of fenitrothion on the dish was also determined and the amount of fenitrothion inside the microcapsule was calculated. In addition, the amount of fenitro- thion on the body and in the viscera (guts) of cockroaches was also determined separately by extracting with acetone. The viscera were collected by dissection. To confirm the effect of trampling, microscopic observations of the microcapsules applied on the dishes were made before each analysis.
RESULTS AND DISCUSSION Figure 3 shows the recovery of fenitrothion from the non-encapsulated fenitrothion-treated dishes using each n-paraffin as an extraction solvent. The recovery increased as the extraction time proceeded. The smaller the number of carbons of a n-paraffin was, the more rapidly the recovery reached its maximum. After 2 hr, however, the recovery for all the solvents reached around 90%, which was sufficient. Table 1 shows the amount of fenitrothion recovered from the microcapsule-treated dishes using each n-paraffin as an extraction solvent. The smaller the number of carbons of a nparaffin, the larger the amount of fenitrothion extracted.
Extraction Conditions for Analysis of the Release Rate
However, when the recovery of fenitrothion from the non-encapsulated fenitrothion-treated dishes was taken into account, the amount of f enitrothion recovered from the microcapsule-treated dishes using any nparaffin should be the same after 2 hr if only fenitrothion outside the microcapsule was extracted by each solvent. Therefore, it was assumed that fenitrothion inside the microcapsule was also extracted to a certain extent when n-paraffins having a small number of carbons were employed. Neochiozol, which mainly contained n-dodecane to n-tetradecane, was chosen as the best extraction solvent due to its extraction efficiency and availability. Two hours were sufficient for the extraction. The total amount of f enitrothion extracted using acetone was also sufficient. Figure 4 shows the spontaneous release rate of fenitrothion from the microcapsule both at 20C and 40C. The amount of fenitrothion outside the microcapsule did not increase during storage. The total amount of fenitrothion did not decrease so much even after 12 weeks. The results show that the spontaneous release of fenitrothion from the microcapsule is almost negligible. Therefore, the diffusion hypothesis is denied as far as our microcapsule is concerned. Figure 5 shows the distribution of fenitrothion before and after cockroaches contacted Table 1 Extraction efficiency of fenitrothion from the fenitrothion microcapsule-treated dish using five kinds of solvents. with the microcapsule-treated petri dish. The amount of fenitrothion outside the microcapsule was almost negligible before the contact. After cockroaches crawled on the dish, however, the amount of fenitrothion outside the microcapsule increased significantly. Fenitrothion adhering to the body was 10 times more than in the viscera. These results suggest that cockroaches trampled the microcapsules while they were crawling on the microcapsule-treated petri dish. Microscopic observations also confirmed that the microcapsules were destroyed after cockroaches crawled on the microcapsuletreated petri dish (Fig. 6) . The eating hypothesis was likely to be denied due to the following facts; (1) the amount of fenitrothion on the body of a cockroach was around 200 times more than the LD50 value of fenitrothion to German cockroaches, which was around 0.2 ug per insect, and (2) the amount of fenitrothion in the viscera of a cockroach was very small.
Release Rates

Effect of Trampling
It is, therefore, concluded that the main way of action of the fenitrothion microcapsule used in this study is trampling by cockroaches when they crawl on the microcapsule-treated surface, which releases fenitrothion to kill them. Therefore, the contact efficacy greatly depends on the strength of microcapsule. That is to say, if a microcapsule is too strong (the wall is too thick and/or the particle size is too small), the contact will not produce satisfactory effect. On the contrary, if a microcapsule is too weak, there will be no long lasting residual effect, because too many treated microcapsules are destroyed as soon as cockroaches crawl on them, and release too much fenitrothion at one time, which quickly disappears chemically (decomposition etc.) and physically (evaporation, absorption to the surface etc.). Therefore, the first consideration for designing 
